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ABSTRACT
The biology of Typhlodromus fallacis (Garman) was studied in the 
laboratory to determine its effectiveness as a predator of Tetranvchus 
vusti McGregor, T_* desertorum Banks, and T. urticae Koch. Studies 
were also conducted in the greenhouse to determine whether biological 
control of T. urticae could be obtained.
Temperature had a considerable effect on the length of life cycle, 
longevity of adult females, and duration and rate of oviposition in 
T. fallacis. Of the temperatures studied, 80°F, proved to be the 
optimum for the mites. Lower temperatures resulted in increased 
longevity, but decreased daily rate of oviposition, and increased 
time for development of various stages of the life cycle. Higher 
temperatures resulted in a shorter life cycle and increased oviposition 
rate, but reduced longevity.
Typhlodromus fallacis females held at 80°F. with a 10-hour photo­
period had a higher rate of oviposition than females held at any other 
light and temperature combination studied.
Studies on predation capability of all stages of T. fallacis 
revealed that the adult female was a more efficient predator than any 
other stage, and was the only stage capable of effectively utilizing 
adult female tetranychid mites as prey. The adult female tetranychid 
mite was, however, the least preferred prey stage. All motile stages 
of T. fallacis were found to be predaceous on spider mites.
xi
No stage was observed to be cannibalistic, or to exhibit 
phytophagous behavior on lima bean plants.
A highly significant difference was found between the predatory 
efficiency of T. fallacis adult females on tetranychid mite eggs when 
held at 70° and 80°F. Adult females held at 70°F. consumed an average 
of 6.3 eggs per day, and females held at 80°F. ate an average of 14.1 
eggs per day.
T. fallacis adult females held at 80°F. with a photoperiod of 10 
hours were more effective predators of tetranychid eggs than females 
held at 80°F. with photoperiods of 24, 14 or 0 hours.
Oviposition rate of the predators was correlated with predation. 
Individuals with a high rate of predation produced more eggs than 
individuals with a low rate of predation. Non-ovipositing females 
were poor predators.
T. fallacis was capable of controlling large populations of 
Tetranvchus urticae in the greenhouse. An enormous population of 
spider mites was reduced to the point that none could be found after 
approximately 3 months, and no re-infestation occurred.
T. fallacis was susceptible to residues of Bidrin on cotton, but 
became established in the greenhouse and controlled a moderate infes­
tation of T. urticae after the residue had "weathered" for about 1 month.
xii
INTRODUCTION
In May, 1963, investigations were initiated to determine the 
effect of different populations of the spider mite, Tetranvchus vusti 
McGregor on strawberry yields. A preliminary survey of the strawberry 
plants revealed a light infestation of spider mites, and a small 
population of the predaceous mite, Typhlodromus fallacis (Garman).
Five gravid females of T. fallacis were collected at that time and 
placed in culture in the laboratory.
Repeated attempts to increase the infestation of spider mites 
on strawberry failed, and this failure was suspected to have been 
caused by the predaceous efficiency of T. fallacis.
Laboratory investigations were then initiated to study the 
bionomics of Typhlodromus fallacis with particular attention to the 
effect of temperature and photoperiod on the predator. And, studies 
were initiated to determine if the predator could control populations 




Parrott et al. (1906) described a new species, Seius pomi Parrott 
and showed interest in the phytoseiids from an economic standpoint.
Since then, a considerable number of investigators have studied the
family.
Iphidulus fallacis was described by Garman (1948) from specimens 
taken from apple trees in Conneticut. Chant (1959) reported that the 
Typhlodromus Scheuten complex was recognized as Seius pomi prior to 
1929, and gave the synonomy of Typhlodromus fallacis (Garman) as 
follows:
Iphidulus fallacis Garman, 1948 
Typhlodromus fallacis (Garman), Nesbitt, 1951
Typhlodromus fallacis (Garman), Cunliffe and Baker, 1953
Typhlodromus fallacis (Garman), Womersley, 1954
Amblvseius fallacis (Garman), Athias-Henriot, 1958 
Typhlodromus (A.) fallacis (Garman), Chant, 1959
Biology
Few studies on the biology of phytoseiids are reported in the 
literature. Chant (1959) reported on the bionomics of 7 species in 
Southeastern England. He added to the knowledge of phytophagous 
behavior in phytoseiids by using systemic dyes to determine that
2
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Typhlodromus pvri Scheuten and T_. flndlandicus Oudms. fed on leaves 
of apple, blackberry, and black-currant, and that T. pyri completed 
Its life cycle on apple powdery mildew, Podosphaera leucotrlcha 
(Ell. & Ev.) Salm, Chant proposed that protein was necessary for 
egg production in phytoseiids and fed T. pyri apple pollen to check 
this hypothesis. Those mites that received pollen and water laid 
eggs and appeared normal, while those receiving water only died after 
5 days. Thus, he concluded that pollen is used as food in the early 
season and enable females to lay eggs before other types of food are 
available. Huffaker and Kennett (1953) reported that Typhlodromus 
reticulatus Oudms. and T. occidentalis Nes. were observed to feed on 
honeydew, sugar solution, egg yolk, and other liquid foods, but that 
they could not rear them in the absence of tarsonemid prey. Klostermeyer 
(1959) found that populations of Typhlodromus cucumeris could become 
very large in the near-absence of 2-spotted spider mites, thus indicating 
the possibility that they are general predators not dependent on 2- 
spotted spider mites for food. Ballard (1953, 1954) reported that 
he observed no phytophagous activity on bean leaves by T. fallacis 
reared in the laboratory, and observed cannibalism only under severe 
starvation conditions. Chant (1959) stated that Typhlodromus flndlandicus 
larvae are unique among phytoseiids in that they are predaceous.
Putman (1962) reported that larvae of T. caudlglans Schuster do not 
feed. Ballard (1953) stated that he never saw T. fallacis larvae 
feed, but believed that larval feeding did occur.
4
Ballard (1954) stated that there was no deutonymphal instar for 
T. fallacis males. Chant (1958) reported Ballard's finding of only 
2 immature stages in the male of T. fallacis. but stated that of 
18 species he studied, all males had 3 immature stages.
Ballard (1953) reported that mated females of X- fallacis consumed 
an average of 8 T. bimaculatus Harvey males per day, and unmated 
females consumed 4 per day. Adult males, deutonymphs, protonymphs, 
and larvae consumed 3.9, 6.6, 4.8, and 0 respectively. Herbert 
(1956) inferred that Typhlodromus tlliae (Oudms.) readily ate 40 
eggs of T. bimaculatus per day, but in making a comparison of the 
life histories of T. tiliae and T. fallacis. he provided both species 
with only 20 T. bimaculatus eggs per day.
MacGill (1939) reported that a temperature of 80.6°F. appeared 
too high for good rearing results with the predaceous mite,
Typhlodromus thripsi MacGill (=T. cucumerls Oudms.). Stevenson (1955) 
reported that T. fallacis will oviposit at 50°F. Ballard (1953) 
reported on the biology of T. fallacis at 78°F., the temperature of 
the laboratory in which he conducted his studies. Herbert (1956) 
made life cycle studies of T. tiliae at 50, 60, and 70°F. and found 
that incubation time varied from 4.8 days at 70°F. to 21.6 days at 
50°F. Putman (1962) reported on the life history of T. caudiglans 
reared in an insectary in Ontario, Canada. He studied the development 
of this species at constant temperatures of 76.7 and 58.6°F. and 
reported that diapause was induced by a 12-hour photoperiod and 
inhibited by a photoperiod of 14 hours or longer and by continuous 
light or darkness.
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Ballard (1953) reported that females of T. fallacis laid 
an average of 1.5 eggs per day from the beginning of oviposition 
until death. He (1954) reported an average of 2.2 eggs per day 
were laid during the oviposition period.
Chant (1959) reported that parthenogenesis did not occur in 
phytoseiids. Ballard (1953) stated that copulation could occur 
many times by each sex and did not necessarily result in oviposition 
by T. fallacis. He observed a sex ratio of 5 females to 1 male from 
a count on a single leaf. Chant stated that a sex ratio of 2 females 
to 1 male was normal in phytoseiids.
Various techniques have been used in rearing phytoseiid mites 
for study. Herbert (1956) reared T. tiliae in No. 2 pharmaceutical 
capsules placed within No. 000 capsules. Ballard (1953, 1954) 
employed modified Huffaker cells in rearing T. fallacis. Ristich 
(1956) developed a petri dish-bean leaf technique for small-scale 
studies of T. fallacis and developed a mass-rearing technique 
employing flats of bean plants infested with spider mites for rearing 
large numbers of T. fallacis for pesticide studies.
The Effect of Pesticides on Phytoseiid Mites
Literature concerning the effect of pesticides on phytoseiid 
mites is plentiful, but most of the articles are of a general nature, 
with assumptions and conclusions drawn from a few observations made 
after field tests with pesticides. Other articles draw conclusions 
from data obtained in the laboratory and give little consideration to 
what might be the situation in the field.
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The general consensus concerning the effect of pesticides 
on phytoseiid mites is that in most instances they have a detrimental 
effect, and thus decrease their efficiency as natural control agents.
Smith, et a l . (1963) reported an apparent case of DDT-resistance 
in a colony of Typhlodromus fallacis. and further stated that 
methoxychlor (Marlate) failed to control T. fallacis in their cultures. 
They reported that Sevin* was deadly to these predators. In their 
laboratory tests, they learned that several pesticides and fungicides 
had little residual effect on these predators.
Klostermeyer (1959) reported that in field tests on alfalfa 
DDT-treatments resulted in increased populations of Tetranvchus telarius 
and reductions in Typhlodromus cucumeris and Tvdeus sp., that treatments 
of dieldrin and endrin increased populations of Typhlodromus but 
reduced Tetranvchus and Tydeus. and that schradan and other phosphates 
increased populations of Tvdeus and reduced Typhlodromus and Tetranvchus.
Huffaker and Kennett (1953) found Typhlodromus occidentalis to
2be parathion-tolerant in their field tests. They found Genlte to be 
selective against T. telarius. but not harmful to Typhlodromus 
reticulatus.
Clancy and McAlister (1956) reported that the fungicides, glyodin 
and captan were relatively harmless to Typhlodromus in field tests
H-naphthyl N-methyl carbamate
22,4-dichlorophenyl ester of benzenesulfonic acid
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with apple, but that sulfur was highly toxic to these predators.
DDT, alone, or in combination, virtually eliminated these predaceous 
mites. They reported that these predators were unharmed by pure 
ryania, but that populations were seriously reduced by repeated 
applications of activated ryania (activator not given).
MacFhee and Sanford (1956) from results of small-plot tests
3in apple orchards reported that Aramite , ryania, and captan had 
no effect on Typhlodromus spp., T. tiliae. or Fhvtoseius macropilis 
(Banks), but that all other chemicals in their tests had serious 
effects on 1 or more of the predaceous species.
Ristich (1956) in laboratory tests showed that malathion and 
parathion caused 1007. mortality in T. fallacis in 24 hours at rates 
of 0.005 and 0.001257.. DDT at 0.017. and DMC4 at 0.0057. were like­
wise extremely toxic. Ferbam and sulfur were not toxic to adults, 
but sulfur was toxic to immature stages. Klostermeyer (1959) reported 
that treatments of dieldrin on alfalfa plots increased populations 
of T. cucumeris. but Ristich showed that dieldrin was very toxic to 
T. fallacis after 7-days contact.
Collyer and Kirby (1955) concluded that lime sulfur was very 
deleterious to typhlodromid mites, and that elemental sulfur caused 
fluctuations in populations of these predators. They reported, 
however, that captan had very little effect on typhlodromids and
^2-(p-chlorobenzyl p-Fluorophenyl sulfide
4 l,l-bis (p-chlorophenyl) = ethanol
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allowed biological control of the phytophagous species. They (1959) 
reconfirmed their earlier findings on the effect of captan on 
Typhlodromus populations.
Typhlodromus spp. as Biological Control Agents
Literature on biological control attempts with typhlodromid mites 
is not very extensive.
Holling (1961) listed 5 basic components of insect predation:
(1) Prey density (2) predator density (3) characteristics of the 
environment (4) characteristics of the prey (e.g. defense mechanisms) 
(5) characteristics of the predator (e.g. attack techniques, searching 
ability, etc.).
These characteristics were largely met by Typhlodromus reticulatus 
according to Huffaker and Kennett (1953) who listed the following 
attributes for that species: (1) it has high reproductive potential
with high host populations; (2) it feeds on all stages of its host;
(3) it actively searches all foci of infestation; (4) it has a 
capacity for survival at low host densities by utilizing liquid food 
(honeydew-like foods), its small size enables it to enter small spaces 
essential for economic control.
That phytoseiid mites are predators of more than spider mites 
was reported by MacGill (1939) who named a new species as Typhlodromus 
thripsi. because it was found feeding on ThriPs tabacl. Muma (1955) 
reported that it was thought, but not proven, that Typhlodromus spp. 
contributed to the reduction of purple scale on citrus. He reported 
that Typhlodromus peregrinus Muma had fed on Florida red scale crawlers
9
in the laboratory, and that T. floridanus Muma had decimated purple 
mite infestations in the laboratory, but this phenomenon had not 
been proven in the field.
Huffaker and Kennett (1953) reported on experiments for control
of cyclamen mites in strawberry by typhlodromid mites. Yields from
"predator plots" were 7 times as great as yields from "predator-free 
plots". They (1956) investigated possibilities of reaching an 
equilibrium between cyclamen mites and typhlodromid mites by stocking 
these predators in the field. They concluded from their experiments 
that equilibrium between predators and hosts could be obtained earlier 
when predators were introduced than when the predators were allowed 
to build-up from naturally occurring populations, and that profitable 
results could be obtained by growers if predators were introduced 
into their fields.
Putman (1962) reported high mortality in T. fallacis when they 
were fed on nymphs and larvae of Panonvchus ulmi (Koch). Chant (1959) 
stated that specimens of phytoseiids brought into the laboratory in 
winter became active, but did not pierce the shells of intact P. ulmi 
eggs and subsequently starved, but fed readily and thrived when the 
eggs were damaged so that their contents exuded.
Dosse (1960) reported that in a long-term, outdoor experiment
Typhlodromus tiliae exerted as great an influence on Metatetranvchus ulmi 
alone as it did in combination with Orius minutus (L.). By colonizing 
and placing the predaceous mites in apple orchards where they were not 
native, he successfully reduced large populations of M, ulmi.
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Bravenboer and Dosse (1962) reported that the predaceous mite, 
Phvtoselulus persimills A.H. controlled Tetranvchus telarius on 
cucumbers grown in the greenhouse in the early spring and gave results 
comparable to those from 3-5 applications of chemicals.
Predators of Phytoseiids
Dosse (1960) reported that there are no special predaceous mite 
predators, but that certain stages of Orlus minutus and Chrysopa 
vulgaris Schneider destroy the predaceous mites as well as plant 
lice and spider mites. Kramer (1961) showed in outdoor tests on 
individual trees that Orius minutus and Chrysopa vulgaris caused 
a considerable reduction in the number of phytoseiids on trees infested 
by P. ulmi. and their effect was such as to render the usefulness of 
the predaceous mites doubtful. Chant (1959) reported that predaceous 
mirids and anthocorids fed readily on the phytoseiids in the laboratory, 
and that their population in the field suggested field predation also.
METHODS AND MATERIALS
Techniques for Growing Host Plants
Host plants were grown in the laboratory as an aid in preventing 
undesired contamination by spider mites and leaf miners. Initial 
attempts to grow host plants in the greenhouse were unsuccessful due 
to contamination by the above mentioned pest species. When host 
plants were grown in the laboratory, no contamination occurred.
Further, the possibility that plants might become contaminated with 
pesticides used in the greenhouse to control other pests was eliminated. 
Henderson bush lima bean was utilized as a host plant in all of the 
following studies.
Soil was screened through half-inch mesh hardware cloth and 
placed in 15 x 21 x 3-inch flats. The flats were then planted with 
4 rows of 10 seeds each, watered, and placed beneath a light regime 
provided by 3 Champion Brand 40 watt F 40 Cool White fluorescent 
tubes. These delivered 170 foot candles at a distance of 4 feet 
8 inches, as determined by a General Electric Type DW-68 Exposure 
Meter. Laboratory temperature was maintained at 80°F. —  2.7° as 
measured by a Bacharach Tempscribe Model SSB.
Five flats of beans planted at weekly intervals were maintained 
to provide a constant supply of leaves of the desired age and size. 
Ristich (1956) reported that 5 flats of beans with 80 plants each
11
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provided sufficient plants to rear enough T. fallacis for large 
pesticide evaluation programs.
When leaves of suitable size were obtained (in about 10 days), 
the terminal bud was pinched out in order to limit the growth of the 
plant to the primary leaves. Only primary leaves were utilized in 
petri dish cultures. They would last 2 to 3 weeks in a culture, but 
the trifoliate leaves were too small and delicate to support the 
desired population for that length of time.
Once the proper size leaf had been grown, it could be maintained 
in the flat for about 10 days by pinching out the terminal bud. If 
the leaves were used after that time, they usually failed to take 
root in the petri dish and had to be replaced within 3 days.
Rearing Techniques
To facilitate discussion of the procedures and methods employed 
in this research, a distinction is made between 2 methods of popula­
tion maintenance. The term "colony" is employed to identify isolated 
populations originating at a common source and maintained at varying 
levels throughout the course of the investigations. These populations 
served as a source of stock material for all subsequent investiga­
tions. "Cultures" normally represented small groups or even individuals 
which were selected from colonies and maintained for short periods of 
time under certain test conditions or for specific purposes.
Spider mites, Tetranvchus yusti McGregor, T. desertorum Banks, 
and T. urticae Koch, were reared in the laboratory to serve as prey 
for Typhlodromus fallacis (Garman). Eight colonies of T . yusti obtained
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originally from strawberry in the localities of Ponchatoula, Albany, 
Amite, and Hammond, Louisiana, 1 colony from cotton at St. Joseph, 
Louisiana, and 1 colony from sweet potato at Baton Rouge, Louisiana, 
were maintained, A colony of T. desertorum from strawberry at 
Independence, Louisiana, and a colony of T_. urticae from greenhouse- 
grown strawberry at Baton Rouge were also maintained.
New cultures of each colony were started at about 5-day intervals 
in order to provide prey in all stages of development as desired.
These were prepared by placing a bean leaf trimmed to the desired 
size on a layer of sterile cotton in a petri dish. The cotton was 
saturated with tap water, and the petiole inserted into it. A  barrier 
of tanglefoot was applied around the periphery of the leaf with a 
5 cc syringe fitted with a No. 18 needle. Eight gravid spider mites 
were carefully placed on the leaf with a slightly moistened 00 camel's 
hair brush. The cotton was re-saturated with water daily.
The method employed by Attiah and Boudreaux (1964) for rearing 
spider mites in the laboratory was used and proved to be very suc­
cessful. The desired quantity of spider mites was always available 
for use in the predator cultures. In addition, the spider mites were 
confined to a single surface of the leaf and were thus always 
available for inspection.
With regular attention to watering, the bean leaves would last 
about 2 weeks in good condition. One complete generation of spider 
mites could be reared on a bean leaf before the food value of the 
leaf was exhausted, and the culture had to be renewed.
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The tanglefoot barrier on each leaf, together with the water- 
saturated cotton in the petri dish, served very effectively in keeping 
the various cultures uncontaminated. No evidence of contamination 
of the cultures was observed. A colony of T,. desertorum and a colony 
of T. urticae were maintained in close proximity to the cultures of 
X- vusti. The adults of these species are easily distinguishable 
from each other with the aid of a binocular microscope, and they were 
never observed in their neighboring colonies.
Occasionally, when cultures were allowed to go beyond 1 generation, 
the spider mites were observed to cross the tanglefoot barrier and 
infest the un-used outer portion of the leaf. This condition was 
nearly always associated with cultures that contained enormous 
populations. Mites from outside the barrier were never used to begin 
new cultures.
Stock cultures of Typhlodromus fallacis were also established using 
the bean leaf-petri dish method. Two methods of providing prey were 
employed. In the first method, 50 gravid tetranychid females were 
placed simultaneously with 5 gravid typhlodromid females on a bean 
leaf. In the second method, 25 gravid tetranychid females were placed 
on the bean leaf and allowed to feed and oviposit for 3 days before the 
5 gravid predators were added. Predator stock cultures were started 
at about 3 -day intervals to provide all stages of the predator as 
required.
Stock cultures of both phytophagous and predaceous mites were 
reared in the laboratory room. These cultures were placed on a table
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beneath a fluorescent lamp containing 2 Champion Brand 90 Watt F 90 
T 17/CW Cool White tubes. This light source delivered 120 foot 
candles as measured by the GE exposure meter. Figure 1 shows the 
laboratory set-up for rearing both predaceous and phytophagous 
species.
Stock cultures which were prepared by placing 50 spider mites 
on a leaf and immediately adding 5 gravid predators produced approxi­
mately the same number of progeny as did those stock cultures begun 
with 25 spider mites which were allowed to become established for 
3 days before predators were added. Both types lasted approximately 
2 weeks. Maximum production of progeny was reached in 10 to 12 days 
in both types. At that time, the leaf's food value was exhausted, 
the spider mite population had been utilized as food, and typhlodromid 
oviposition had ceased due to the shortage of food. After a culture 
had been established for about 10 days, if predators were not removed 
for other studies, there was a considerable loss of predators in the 
tanglefoot barrier. As long as there was a plentiful supply of prey, 
losses of the predators in the tanglefoot barrier were negligible.
Five predators per leaf was selected as the optimum number for stock­
ing cultures in order to get maximum utilization of the leaf before its 
food value was exhausted. If more than 5 predators were used to stock a 
culture, either more prey had to be provided or the leaf's food value 
was not utilized. If less than 5 predators were used to begin a 
culture, the prey destroyed the leaf before the desired number of 
predators could be produced.
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Figure 1. Laboratory set-up for rearing
Tvphlodromus fallacis (Gar.) and 
Tetranvchus spp.
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A culture's longevity could be extended by adding spider mites, 
but this was a time consuming process and was utilized only when a 
large number of adult predators was desired.
Ristich (1956) reported a method of mass-rearing T. fallacis 
for pesticide evaluation programs. He reared bean plants in flats, 
infested the flats with a minimum of 60 spider mite-infested 
trifoliate leaves, and 3 days later added leaflets containing not 
more than 10 predators per leaflet at a rate of 20 leaflets per row. 
He admitted that this method was susceptible to contamination by 
predators prior to the desired time, and I therefore suggest that 
it would be unsuitable for a laboratory study of the predator.
Ristich also developed the technique of the petri dish-bean leaf 
method of mite rearing. He employed 3 pieces of filter paper to 
hold moisture in his petri dishes instead of the sterile absorbent 
cotton used in this study. He stated, "Stop is more useful than 
Tanglefoot since it is less phytotoxic to some varieties of beans 
(red kidney), and because the surface doesn't harden as quickly."
The same petri dish-bean leaf technique as employed by Ristich was 
used by Stevenson (1955) in gathering biological data on the toxicity 
of chemicals to T. fallacis.
Ballard (1954) employed a modified Huffaker cell in conducting 
his studies of T. fallacis. He stated that the method was slow and
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that losses of the predators were frequent. Herbert (1956) studied 
T. tiliae reared in a No. 2 pharmaceutical capsule placed within a 
No. 000 capsule.
The rearing techniques employed by Ballard and Herbert are too 
limited in application for the type of studies conducted here, and 
the loss of individuals in the tanglefoot barrier is made negligible 
by the increased ease of handling and making observations with the 
petri dish-bean leaf technique.
Biology Studies
The Effect of Temperature on the Life Cycle
Laboratory investigations of the life cycle of Typhlodromus 
fallacis were made at 70°F. ± 1.5°, 76°F. ± 2.3°, 80°F. ± 2.5°, and 
90°F. 1.5°. The studies at 76°F. ^ 2.3Pand at 80°F. * 2.5° were
made in the laboratory room. The studies at 70°F. * 1.5° and at 
90°F. * 1.5° were conducted in 2 Scientific Precision Company B.O.D. 
Incubators, catalog number 31213. Continuous light within the 
temperature cabinets was provided by a single 15 Watt General Electric 
5 15 T8 D fluorescent tube that delivered 226.5 foot candles of 
light at 9 inches and 93.5 foot candles at 14 inches, as determined 
by the GE exposure meter.
Petri dishes were prepared and the bean leaves were each infested 
with 10 gravid spider mites and 3 gravid typhlodromid mites. The 
predaceous mites were allowed to feed and oviposit for 8 hours, then 
were removed. During the oviposition period, observations were made
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hourly, and the time of an egg's deposition was recorded beside the 
egg on the bean leaf with indelible ink. The eggs were allowed to 
incubate for about 16 hours, then hourly observations were made 
until they hatched. The time of their incubation period was then 
recorded. Hourly observations were continued to determine the 
duration of all immature stages. When the female predaceous mites 
reached maturity, 2 males per female were added to the cultures, 
and hourly observations were continued until oviposition was observed.
The Effect of Temperature on Adult Female Longevity
The effect of temperature on adult female longevity was studied 
in the laboratory at 70°F. * 1.5°, 80°F. * 2.7°, and 90°F. * 1.5°. 
Continuous light was provided. The studies at 70°F. * 1.5° and at 
90°F. - 1.5° were made in temperature cabinets. The study at 80°F.
* 2.7° was made in the laboratory room.
Petri dishes were prepared and provided with 10 to 15 gravid 
tetranychid mites. One female T. fallacis deutonymph or newly emerged 
adult and 2 adult males were selected from stock cultures and placed 
in each dish. When oviposition was observed, the males were removed. 
Progeny were removed from the cultures as they hatched. When daily 
observations revealed that no eggs had been laid for 4 days, 2 males 
were again added to the culture to determine if further oviposition 
could be induced. Daily observations were continued on the cultures 
until death of the females occurred.
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The Effect of Temperature on Oviposition Duration and Rate
The effect of temperature on oviposition duration and rate was 
studied at 70°F. * 1.5°, 80°F. * 2.7°, and at 90°F. * 1.5° under 
conditions of continuous light. Cultures prepared for determining 
the effect of temperature on longevity also served to furnish data 
for this study. However, more individuals were studied in obtaining 
data on oviposition than were observed in the study on longevity.
The number of typhlodromid eggs produced daily was observed 
and recorded.
The oviposition period was considered to have been completed 
when no further oviposition could be induced by the addition of new 
male typhlodromids to the culture.
If further oviposition did follow after re-mating the females 
which had laid no eggs for 4 or more days, the oviposition rate was 
calculated as if oviposition had continued for the entire period.
The Effect of Photoperiod on Oviposition Rate
The effect of photoperiods of 24, 14, 10, and 0 hours on ovi­
position rate was studied in temperature cabinets held at 80°F ^ 1.3°. 
Photoperiod in the temperature cabinets was controlled with a General 
Electric Time Switch Type TSA 47 catalog number 50-239 401 FHAA 1.
Cultures were established utilizing both gravid and non-gravid 
females taken at random from stock cultures. Twenty-five tetranychid 
eggs were provided daily as food for each female. The number of eggs 
oviposited was counted, recorded, and removed at 24-hour intervals. 
Records were kept on 70 individuals subjected to each photoperiod.
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The Effect of Time of Hating on Oviposition
Studies to determine the effect of time of mating on oviposition 
were made in the laboratory at 80°F. - 2.7° under continuous light.
Individual mite cultures were established by placing 1 typhlodrontf.d 
deutonymph on a bean leaf and providing 10 gravid tetranychid mites 
to serve as food. Because of the feeding activity of the phytophagous 
mites and their progeny, the bean leaves had to be replaced periodically.
Daily observations were made on 3 groups subjected to different 
treatments. One group of 14 individuals was held for 1 week after 
their emergence as adults, then each was provided with 2 males.
Another group of 27 mites was mated soon after their emergence as 
adults, and a third group of 14 individuals was never mated. Copula­
tion was observed in most instances when males were provided.
Some individuals of both groups in which the females were mated 
were re-mated when it was observed that they had ceased ovipositing.
Oviposition was observed and recorded daily on all individuals 
until their death.
Multiple Mating
Studies to determine whether multiple mating occurred with 
T. fallacis. and whether further progeny would result from such 
matings were conducted in the laboratory. These studies were conducted 
at 70°F. * 1.5°, 80°F. * 2.7°, and 90°F. * 1.5° under continuous light.
Cultures which were under study to determine the effect of 
temperature on longevity served also for this study. When mated
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females failed to oviposit for 4 or more days, they were again 
provided with 2 males. Observations continued until the death of 
the females.
Preoviposition Period
Studies were made to determine the time required after mating 
before oviposition began. Observations were made at 70°F. 1.5°,
76°F. - 2.7°, 80°F. ^ 2.7°, and 90°F, * 1.5° under continuous light.
Cultures were begun either with deutonymphs that were mated as 
soon as they emerged as adults or with a pair of newly emerged mites 
collected during copulation.
Daily observations were made to determine when oviposition 
commenced.
Egg Hatchabilitv
Egg hatchability was determined by isolating individual eggs.
These were removed from stock cultures with a camel’s hair brush and 
observed until they either hatched, or it was determined that they 
would not hatch. Non-viable eggs became visibly shrunken after about 
1.5 days.
Phytophagous Behavior
In order to determine whether phytophagous activity occurred with 
Tvphlodromus fallacis. their behavior was studied under photoperiods 
varying from 0 to 24 hours, under temperatures varying from 50°F. - 1.7° 
to 90°F. 1.5°, and with food conditions varying from an excess to a
complete absence of prey species.
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In all of these varying conditions, bean leaves were always 
available to serve as food.
Sex Ratio
Sex ratio was determined by isolating eggs and watching their 
development until adulthood was attained. Thirty-two eggs were 
observed.
Starvation
One hundred and thirty-three gravid females were isolated on 
bean leaves with no other source of food except members of their own 
species and the bean leaf. Daily observations were made to determine 
the time required for starvation under these conditions.
Cannibalism
Studies to determine whether cannibalism occurred were made in 
2 ways. These studies were conducted at 80°F. - 2.7° under continuous 
light.
Gravid females were isolated on bean leaves with no source of 
food other than themselves or the bean leaf in one study. In the 
second study, gravid females were isolated on bean leaves with eggs 
of their own species. The eggs were replaced daily to prevent their 
hatching and subsequent wandering of the young into the tanglefoot 
barrier.
Observations were continued daily until the death of the mites.
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The Capacity of Tvphlodromus fallacis as a Predator 
Adult Female
Single mite cultures of adult female predators were employed 
to determine the capacity of individual mites when fed only 
tetranychid mite eggs. Twenty-five eggs were offered daily as food.
The number eaten was determined by counting the number remaining 
after a 24-hour exposure period. Uneaten eggs were removed daily 
and replaced with 25 freshly laid eggs. Only newly laid eggs were 
used in the study in order to remove the possibility of the eggs 
hatching, and the larvae wandering into the tanglefoot barrier. 
Typhlodromid eggs were likewise removed daily to prevent the predator 
larvae from assisting in egg consumption.
The number of tetranychid larvae eaten per day by individual 
adult females was determined by offering 30 newly emerged larvae 
each day. The larvae were handled individually with a slightly 
moistened 00 camel's hair brush. At the end of a 24-hour observation
m
period, the number of larvae eaten that day was recorded. The number 
of larvae eaten was determined by counting the number of larval 
skeletons. The remaining larvae, larval skeletons, and any typhlodromid 
eggs laid that day were removed.
The number of protonymphs and deutonymphs eaten per day by 
individual females was determined in the same manner as for larvae. 
Twenty-five protonymphs or 15 deutonymphs were offered as food to 
each predaceous mite daily. Protonymphal and deutonymphal skeletons 
were counted to determine the number consumed, then they were removed.
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In order to determine the number of adult female tetranychid 
mites eaten each day by Individual typhlodromid females, special 
care had to be taken to offer as food only those spider mites which 
were newly emerged. Spider mites which had emerged as adults 24 
hours prior to their use were ovipositing before the 24-hour observa­
tion period was completed, so only newly-emerged females that were 
selected on a basis of color and size were employed in the study. 
Uneaten spider mites were removed daily along with spider mite 
skeletons and typhlodromid eggs.
Daily observations of 70 individuals in each predator-prey 
combination were made and recorded.
Adult Male
Consumption of spider mite eggs by adult male typhlodromid 
mites was determined in the same manner as for females. Fifteen 
fresh tetranychid eggs were offered as food daily.
Consumption of tetranychid larvae by males was determined by 
offering 25 larvae per day to each male.
Fifteen protonymphs or 10 deutonymphs were offered daily to each 
male. Consumption by the predators was determined by counting the 
skeletons of each motile stage.
Eight newly-emerged adult female tetranychid mites was determined 
to be more than an adequate daily supply of food for the predaceous 
males. Care had to be exercised to offer only the newly-emerged 
phytophagous females, for if older, ovipositing females were used, the 
males did not prey upon them, but instead fed upon their eggs.
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In each of the adult male-prey combinations, observations were 
made and recorded on the performance of 70 individuals for observa­
tion periods of 24-hours each.
Deutonvmph
Daily consumption of tetranychid eggs by T. fallacis deutonymphs 
was determined by placing 25 eggs on a bean leaf each day and making 
counts 24 hours later. The number consumed was determined by counting 
the number left uneaten. Eggs were removed and replaced daily from 
dated stock cultures. Typhlodromus fallacis deutonymphs were removed 
daily and replaced with newly-emerged deutonymphs from stock cultures.
The predaceous capacity of T. fallacis deutonymphs on tetranychid 
larvae, protonymphs, deutonymphs, and adult females was determined in 
the same manner as for the adult typhlodromid females. Twenty-five 
larvae or protonymphs and 10 deutonymphs or newly-emerged adult females 
were offered daily as food for the typhlodromid deutonymphs.
The individual performance of 70 individuals at each deutonymph- 
prey combination was recorded daily.
Protonvmph
The number of prey in all stages of development that was consumed 
by protonymphs of T. fallacis was determined in the same manner as for 
the other motile stages of the predator. Twenty-five eggs, 25 larvae, 
15 protonymphs, 10 deutonymphs, or 10 newly-emerged adult females 
were offered daily. Typhlodromid protonymphs were replaced daily 
from stock cultures.
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The individual performance of 70 individuals was observed and 
recorded for each of the typhlodromid protonymph and tetranychid 
mite combinations.
Larva
Consumption of all stages of prey by the predator larvae was 
determined by offering 10 eggs, 10 larvae, 10 protonymphs, 8 deutonymphs, 
or 8 newly-emerged adult female tetranychid mites to each individual 
typhlodromid larva each day. The larval predators were replaced 
daily, as were the various stages of the prey.
Seventy individuals were observed for their efficiency against 
each of the above described prey stages.
The Effect of Temperature on Predation
The effect of temperatures of 70°F. * 1.5°, 80°F. * 2.7°, and 
90°F. * 1.5° on predation was studied on all stages of Typhlodromus 
fallacis against selected stages of the prey. Adult female typhlodromids 
were fed tetranychid eggs, and deutonymphs were fed deutonymphs.
Larvae were fed larvae, and protonymphs were offered eggs. The 
various predator stages were all selected at random from stock cultures.
Temperatures were maintained in the previously described tem­
perature cabinets. This study was conducted under continuous light.
The individual performance of 70 individuals of each stage at 
each of the above temperatures was observed for 24-hour periods.
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The Effect of Photoperiod on Predation
The effect of photoperiods of 24, 14, 10 and 0 hours on predation 
was studied using adult female typhlodromids with tetranychid eggs 
supplied as the prey. Studies were conducted on single mite cultures 
in order to assign exact numbers of prey consumed by individuals 
daily. All studies were made in temperature cabinets controlled at 
80°F. * 1.3°. Seventy individuals were observed at each photoperiod.
Twenty-five tetranychid eggs were offered daily to each predator, 
and the number consumed was determined by counting the number remaining 
after the exposure period. Typhlodromid eggs were removed daily from 
the cultures.
Relationship of Predation to Oviposition Rate
The relationship of predation to oviposition rate was studied 
at 80°F. * 2.7° under photoperiods of 24, 14, 10, and 0 hours, and 
at 70°F. - 1.5° under continuous light and continuous darkness.
Female typhlodromid mites were selected at random from stock cultures, 
isolated, then offered 25 tetranychid eggs daily. The number of eggs 
consumed and the number of eggs laid during a 24-hour period was 
recorded. Typhlodromid eggs were removed daily at the same time the 
prey eggs were replaced. The performance of at least 70 individuals 
was recorded at each temperature and photoperiod regime.
Laboratory Studies on the Efficiency of TyphTj^ronms fallacy  as a 
Predator of Tetj^an^chus vustl
Cultures were established by placing 25 Tetranvchus vusti gravid 
females on a bean leaf and allowing them to become established for
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3 days. Then 3 or 5 gravid Typhlodromus fallacis females were 
introduced to each culture. Daily observations were made on the 
cultures until all spider mite adults and progeny were destroyed 
on a culture. Seventy-five cultures at each population level were 
observed until all stages of the tetranychid mites had been destroyed.
Cultures begun with 25 tetranychid mites to which no predators 
were added served as controls for the study.
Greenhouse Studies on the Efficiency of Ty^hlgdrgnus^f^Uacj^For 
Control of Tetranychus ur^icae
Sweet Potato
A study on control of Tetranychus urticae on greenhouse-grown 
sweet potato by Typhlodromus fallacis was initiated in February 1964. 
Sweet potatoes heavily infested with spider mites were inspected to 
determine levels of infestation by the phytophagous species, and to 
determine if T. fallacis was present.
Pre-treatment counts were made by counting the number of adult 
female tetranychid mites on the ventral surface of 10 approximately 
equal-sized leaves of about 3 inch diameter. A binocular microscope 
was employed in making the counts. Mites were removed from the leaves 
with a camel's hair brush as they were counted.
The plants were then pruned back to ground level except for a 
row of "parent” plants which were left as a food source for the 
phytophagous mites. The pruned vines were left in the middles of 
the rows for 1 week to allow further migration of the spider mites to 
the parent plants, then the dead vines were removed from the greenhouse.
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Infestations of T. fallacis were established on the parent 
plant row. Predator cultures which had reached their maximum 
population levels were brought from the laboratory, the tanglefoot 
barrier was trimmed from the leaves with a pocket knife, and they 
were placed on the sweet potato leaves. Ten to 15 cultures of the 
predators were placed on the parent beds each week for about 8 
weeks. Each predator culture contained 10 to 50 typhlodromids in 
all stages of development. The total number of predators introduced 
represented about 1.5 million per acre.
In April 1964, surveys were begun to determine the predator- 
prey relationship. The greenhouse was divided into 10 equal plots, 
and 2 sweet potato leaves from each plot were inspected at intervals 
of 3 or 6 days until June 1964. Both adults and immatures of each 
species were counted and removed from the leaves with a 0 camel's 
hair brush. The counts were made with the aid of a binocular 
microscope in the greenhouse immediately after picking each leaf.
Cotton
During March 1964, studies were initiated on control of 
Tetranychus urticae on cotton plants by Typhlodromus fallacis. 
Full-grown cotton plants in the greenhouse had a moderate infesta­
tion of 15 to 25 spider mites per leaf as determined by pre-infesta­
tion counts. The cotton had received a heavy application of the 
insecticide, Bidrin^, approximately 3 weeks before the study was
^3-hydroxy-N,N-dimethyl-cis-croton-amide dimethyl phosphate
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begun. Cotton leaves showed both insecticide damage and severe 
bronzing from the spider mite population.
Initial infestations of T. fallacis were made by placing 
approximately 2 predator-infested sweet potato leaves on each 
cotton plant. Predator-infested sweet potato leaves were obtained 
from the adjacent greenhouse. Approximately 25 predators were on 
each sweet potato leaf.
Re-infestation of predators was begun about 2 weeks later, 
after it was determined by inspections that the original infestation 
had failed to become established. The second attempt at establishing 
the predator employed the placing of infested bean leaves on the 
terminal leaves of the cotton plants. No effort was made to remove 
the tanglefoot barrier from the bean leaves. Only the cotton plants 
along both sides of the central sidewalk in the greenhouse were 
thus infested.
In May 1964, predator-prey surveys were begun by pulling cotton 
leaves at random from plants in the greenhouse and counting all 
motile stages of each species on the ventral surface of the leaves.
As the mites were counted, they were removed with a camel's hair 
brush. The initial survey of the infestation was made by counting 
all motile stages of both species on 10 leaves through a binocular 
microscope. The second survey was made by counting both species on 
15 leaves. The final 4 counts were made on 20 leaves.
Surveys were discontinued in June 1964.
RESULTS AND DISCUSSION
Bloloev Studies
The Effect of Temperature on the Life Cycle
Increases in temperature had a direct influence on the duration 
of the developmental stages of Typhlodromus fallacis. As the 
temperature was increased, the duration of each immature stage was 
shortened. Average lengths of time for each immature stage are 
shown in Table I.
These data agree with those of Ballard (1954) who reared 
T. fallacis at 78°F. on a diet of Tetranychus bimaculatus males. 
Putman (1962) reported that Typhlodromus caudjglans Schuster had 
developmental periods of 6.7 days at 76.7°F. and 33.4 days at 58.6°F. 
Herbert (1956) reported an incubation period of 2.7 days for 
T. fallacis in comparison to 4.8 days for T. tlliae when both were 
held at constant temperatures of 70°F.
The Effect of Temperature on Adult Female Longevity
Data showing the effect of temperature on adult female longevity 
are sunvnarized and presented in Table II. Highly significant dif­
ferences were found between the average longevity of mites reared 
at 70, 80, and 90°F.
This and other studies showed that T. fallacis can be maintained 
at constant temperatures of 70, 80, and 90°F. Stock cultures of
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Table I* The effect of temperature on the life cycle of Typhlodromus fallacis held under




Average Number of Hours Each Stage
Egg Larva Protonvmph Deutonvmph
70 9 73 i 3.2 23 ± 1.9 35 ± 6.7 44.5 ± 5.4
76 5 48 ± 4.9 22 * 1.9 23 ± 3.0 31.0 ± 3.7
80 24 36 t 7.7 16 - 2.2 23 - 4.8 26.0 ± 2.9
90 17 30 t 4.1 12 i 1.9 12 t 2.4 24.0 ± 4.9
lo
Table II. The effect of temperature on adult female longevity of








ty in Days 
Maximum Minimum
70 14 61.5 - 16.7 80 24
80 18 40.8 - 14.6 81 16
90 16 13.5 - 6.9 32 6
u>■c-
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the predators were maintained in the laboratory at 80°F. for 
approximately 1 year, and at least 3 generations were completed in 
the temperature cabinets at 70 and 90°F. respectively. Greenhouse 
studies showed that the predaceous mites are able to withstand wide 
daily fluctuations in temperature.
The Effect of Temperature on Oviposition Duration and Rate
As was expected from the information obtained in the study on 
the effect of temperature on adult female longevity, temperature had 
a direct effect on duration and rate of oviposition. A summary of 
the data obtained is shown in Table III.
The oviposition duration was decreased by 507= with each tempera­
ture rise of 10 degrees. Although the daily rate of oviposition at 
70°F. was about 507= less than at 80°F., there was no significant dif­
ference between the oviposition rates of mites held at 80°F. and 90°F. 
Thus, it appears that Typhlodromus fallacis reaches its maximum daily 
rate of oviposition at 80°F., and that any further rise in temperature 
merely leads to a shortened oviposition period and decreased longevity.
In deciding the temperature at which T. fallacis reaches its 
maximum reproductive potential, one must consider the time required 
for the egg to egg cycle. This cycle requires only 6 days at 
80°F. in contrast to the 10-day requirement at 70°F. Since the 
predator is able to begin oviposition 4 days sooner when held at 80°F. 
than when held at 70°F., the reproductive potential of T. fallacis 
is greatest at 80°F. Table IV presents a theoretical population 
of adult T. fallacis females that are progeny of a single
Table III. The effect of temperature oti oviposition duration and rate of Typhlodromus fallacis




Number Days Oviposition 
Duration Daily Rate of Oviposition Number Progeny
Average Maximum Minimum Average Maximum Minimum Average
70 14 35.0 t 7.9 51 22 1.7 - 0.91 2.3 1.1 60.7 * 14.3
80 41 17.1 - 6.9 43 5 3.2 * 1.80 4.9 1.9 53.2 ± 12.9
90 18 8 .o - 2.9 14 4 3.0 - 0.65 4.4 2.0 26.2 ± 10.7
10O'
Table IV. Theoretical populations of adult female Typhlodromus fallacis produced by a single gravid
female in 30 days when held under continuous light at temperatures of 70, 80, and 90°F.
Temperature
°F.
Number Days Per 
Generation
Generation
1st 2nd 3rd 4th 5th 6th
70 10.0 41 1676 68,498 - - -
80 6.0 36 1278 45,382 1,611,515 57,224,490 -
90 A.5 17 296 4,156 89,818 1,564,630 27,255,855
u
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gravid female held at constant temperatures of 70, 80, and 90°F. 
respectively. The figures derived are based on the following 
assumptions: (1) That all eggs are subsequently hatched and attain 
adulthood. (2) That a normal sex ratio of 2 females to 1 male 
results. (3) That each female progeny is subsequently mated and 
produces an average number of eggs for the respective temperatures.
(4) That the life cycle is completed in the average time at each 
temperature.
The Effect of Photoperiod on Oviposition Rate
The effect of photoperiod on oviposition rate is shown in 
Table V.
Analysis of the data showed a significant difference between 
the oviposition rate of mites exposed to a 10-hour photoperiod and 
mites exposed to all other photoperiods. These data showed that 
a 10-hour photoperiod was conducive to a high rate of oviposition 
in T. fallacis. Some doubt exists, however, as to whether the 
high rate of oviposition exhibited by the group of mites held at 
the 10-hour photoperiod was due to the photoperiod or to the fact that 
that group of mites contained a very low percentage of non-ovipositing 
females.
Six of the 180 individuals in the 24-hour photoperiod group 
and 7 of the 105 individuals in the 10-hour photoperiod group de­
posited 5 eggs in the 24-hour observation period. The 5 eggs per 
day was not representative of an individual’s average daily performance, 
but was merely the occurrence of a single day’s effort.
Table V. The effect of 24, 14, 10 and 0 hour photoperiods on the oviposition rate of 
Typhlodromus fallacis held at 80°F., Baton Rouge, Louisiana, 1964.
Maximum Minimum
Number Eggs 7> of Total Number Eggs % of Total Daily
Oviposited Ovipositing Oviposited Ovipositing Oviposition
Total Number Per Female Maximum Per Female Minimum Rate
Photoperiod Observations Per Day Number Per Day Number Average
24 hours 180 5 3% 0 337c 1.9 - 1.5
14 hours 102 4 m 0 25% 1.7 - 1.3
10 hours 105 5 7% 0 4% 2.7 - 1.3
0 hours 100 4 4% 0 17% 1.9 i 1.2
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The possibility that T. fallacis is a "short-day" animal can 
not be ruled out on the basis of my studies.
That Tvphlodromus tiliae will not oviposit without having been 
mated was demonstrated by Herbert (1956). Ballard (1954) reported 
that oviposition in T. fallacis does not necessarily result from 
copulation. I learned in studies on the effect of time of mating 
on oviposition that virgin females of T. fallacis did not oviposit.
The Effect of Time of Mating on Oviposition
Studies to determine the effect of time of mating on oviposition 
in Tvphlodromus fallacis are summarized and presented in Table VI. 
There was no significant difference in the number of eggs laid 
whether females were mated either upon emergence as adults or 1 week 
after emergence. Ballard (1953) reported that mating in T. fallacis 
usually occurred within an hour of emergence.
My studies revealed that T. fallacis did not oviposit without 
having been mated. Fourteen virgin females with an average longev­
ity of 34.6 days produced no eggs during this study. These results 
are similar to those of Putman (1962) who reported that T. caudleIans 
did not oviposit unless frequently mated, and Herbert (1956) who 
stated that only females of T. tiliae which had copulated laid eggs.
The behavior of virgin females was markedly different from that 
of mated females. The virgin females were considerably more active 
and more easily disturbed than their mated counterparts. During 
this study, it was not possible to maintain any individual virgin
Table VI. The effect of time of mating on oviposition of Typhlodromus
fall acis held at 80°F. under continuous light, Baton Rouge,
Louisiana, 1964.
Number Individuals Number Egg s Oviposited
Mating Status Observed Average Maximum Minimum
Un-mated 14 0 0 0
Mated upon 
emergence 27 55.3 - 9.9 78 34
Mated 1 week 
after emergence 14 49.8 - 21.9 109 14
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female until natural death occurred. Their increased activity 
led eventually to their death in the tanglefoot barrier. The undated 
females could be better maintained in cultures with a super-abundance 
of prey than in cultures with sparse numbers of prey. The presence 
of large numbers of prey seemed to have a soothing effect.
One individual was maintained for 71 days in the virgin state. 
During this time no oviposition was observed. The least number 
of days that a virgin female was observed was 9. Observations on 
individuals that were old enough to have been ovipositing, but died 
before reaching the 9-day age were disregarded.
Multiple Mating
Multiple mating was observed to occur in Tvphlodromus fallacis. 
but additional oviposition did not necessarily result from the 
matings which occurred after the mite had once begun oviposition.
Data on these studies are summarized and presented in Table VII.
In contrast to the observations of Putman (1962) who reported 
that Tvphlodromus caudielans did not oviposit unless frequently 
inseminated, a single mating usually was sufficient for the entire 
oviposition period of T̂ . fallacis. and only occasionally did addi­
tional matings result in prolonged oviposition. Ballard (1953) 
reported that copulation could occur many times by either sex of 
T. fallacis. but did not necessarily result in oviposition. I 
observed very few instances in which copulation was not followed by 
oviposition.
Table VII. Results of multiple mating studies on Typhlodromus fallacis held at constant temperatures


















70 11 5 5.9 - 8.1 22 1
80 17 5 19.2 * 11.4 41 9
90 7 0 - - -
-P'UJ
44
One female held at 80°F. produced additional progeny after being 
re-mated on 2 separate occasions. A non-productive period preceded 
each additional copulation. This female produced 109 viable eggs, 
many more than any other individual observed.
Re-mating non-productive females held at 90°F. failed to 
produce additional progeny in 7 individuals after oviposition had 
once ceased. These females readily accepted multiple matings, but 
died before any additional oviposition occurred.
Preoviposition Period
Preoviposition periods of Tvphlodromus fallacis held under 
continuous light at 70, 76, 80, and 90°F. are shown in Table VIII.
Ballard (1953) reported a preoviposition period of approximately 
24 hours for T. fallacis held at 78°F. with a 14-hour photoperiod.
That figure agrees closely with the data obtained in this study, 
but data obtained by Herbert (1956) reported a preoviposition period 
of approximately 41 hours for T. fallacis reared at 70°F. The 
number of individuals observed by Herbert was not stated, but his 
figure falls closer to the minimum time requirement I observed.
The data showed clearly that as temperature was increased, pre­
oviposition periods were reduced.
Reduction of the preoviposition period, in addition to the 
reduction of time required for development of the immature stages, 
as shown in Table I, enables T. fallacis to be an effective predator
Table VIII. Preoviposition period of Tvphlodromus fallacis held under






Number Hours in Preoviposition 
Average Maximum Minimum
70 9 52.5 - 6.9 66.0 39.0
76 5 29.4 ± 5.4 36.5 20.5
80 24 24.0 ± 4.7 32.0 16.5
90 17 18.0 ±  2,4 27.0 16.0
Ln
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at a constant temperature of 90°F. regardless of its reduced longevity 
at this temperature.
Egg Hatchabilitv
In the study designed to determine egg hatchability, 89% of 
the observed eggs hatched normally. Forty-seven eggs hatched 
after normal incubation time, and 6 eggs failed to hatch.
Since each egg was removed with a slightly moistened camel's 
hair brush from its original deposition site and was placed on 
another bean leaf for closer observation, normal hatchability may 
have been impaired.
Observations made on egg hatchability after the mites had 
been in laboratory cultures for approximately 1 year indicated that 
egg hatchability was 60% instead of the original 89%. The lowered 
hatchability was thought to have probably been caused by constant 
in-breeding of the progeny from the original 5 parent females.
During the year of study, no new mites were introduced into the 
cultures.
Phytophagous Behavior
Even though Tvphlodromus fallacis mites were exposed to bean 
leaves at a variety of temperature and photoperiod regimes, no 
evidence of phytophagous activity was observed. On healthy bean 
leaves the predaceous mites in all stages of development starved 
rather than eat the bean leaves.
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Ballard (1953) disagreed with Nesbitt's (1951) synonomy of 
Tvphlodromus fallacis with Seiulus pomi and Tvphlodromus tiliae 
on the basis of egg size, adult color, and that S.. pomi was reported 
as reared under starvation conditions on foliage, whereas Ballard 
observed no foliage feeding, and his mites starved on ample supplies 
of green bean leaves.
Chant (1959) using systemic dyes concluded that both Tvphlodronus 
pyrl and T. findlandicus fed on the leaves of apple, blackberry, and 
black-currant. He also reported that T. pyri completed its life 
cycle on apple powdery mildew, Podosphaera leucotricha.
Although X employed no systemic dyes in reaching the conclusion 
that T . fallacis was not phytophagous in behavior when reared on 
bean leaves, I was able to observe color changes in the predators 
when they were fed on 3 differently colored species of tetranychid 
mites. A bright red, a brownish red, and a green species were 
employed during these studies and these colors could be readily 
observed when the larvae had fed. The lack of observable color 
in the guts of the predators when they were held under starvation 
conditions on bean leaves led me to conclude that feeding on plant 
tissue had not occurred.
Sex Ratio
Observations made to determine the sex ratio of T. fallacis 
revealed that 2 females to 1 male was the normal ratio in my 
laboratory colonies. Eggs taken at random from stock cultures and 
isolated on individual bean leaves revealed that 22 females were
48
developed from 32 eggs that were observed until adulthood was 
attained. Ballard (1953) observed a sex ratio of 5:1 on the basis 
of the population of a single leaf.
The ratio of 2 females to 1 male is an adequate ratio for 
fertilization of all females. Cultures in which 1 male was isolated 
with 4 virgin females revealed that each female was mated within a 
2 -day period and that normal fertility of eggs resulted.
Other studies revealed that virgin females readily accepted 
males after they had been kept in the virgin state for 2 weeks of 
their adult life, and that approximately the same number of progeny 
was produced by these females as was produced by those which had 
been mated shortly after emergence as adults.
The greater activity exhibited by virgin females, compared to 
mated females, is another factor which increases the likelihood of 
their finding a mate even though the ratio is 2:1 in favor of the females.
Starvation
One hundred and thirty-three gravid females were starved to 
death in this study. Data are shown in Table IX. Individual mites 
began to die of starvation in 2 days when they were isolated on 
bean leaves with no source of food other than members of their own 
species or the bean leaf on which they were held. After 2 days of 
no food, the gravid females no longer had the appearance of being 
gravid, and the surviving individuals exhibited more than normal 
activity.
Table IX. Starvation of Tvphlodromus fallacis 
gravid females held on bean leaves 
at 80°F. under continuous light, 
Baton Rouge, Louisiana, 1964.
















During the third day without food, 10 mites died of starvation.
The survivors were still very active in searching for prey. The 
largest number of individuals starved on the fifth and sixth days.
Two mites survived to 11 and 12 days respectively. These two 
mites were on the same culture and possibly received some nourish­
ment from a bacterial infection that developed on the bean leaf.
All of the gravid mites ceased ovipositing after the first day 
without food, and the eggs were apparently resorbed.
Observations not associated with this study showed that the 
predaceous mites would recover from several days of starvation if 
they were subsequently fed, and that oviposition would begin again 
if the starvation period lasted only about 4 days.
Cannibalism
Observations which were made on gravid females in the starvation 
study revealed no evidence of cannibalism in Tvphlodromus fallacis.
Thus, it is believed that death of the mites was by starvation rather 
than through cannibalistic activity.
When gravid females were isolated on bean leaves with no source 
of food except eggs of their own species, no evidence of egg cannibalism 
was observed. Ninety 24-hour observations revealed that no cannibalism 
occurred in 86 of the observations. Four observations were doubtful, 
but it was believed that cannibalism did not occur, for the eggs had 
the appearance of collapsing from non-viability rather than as a result 
of having been eaten. Figure 2 shows T. fallacis starving in presence 
of T. fallacis eggs.
Figure 2. Tvphlodromus fallacis (Gar.) starving 
in presence of T . fallacis eggs.
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The Capacity of Tgghlodrginus. fallacis  ̂as a Predator 
Adult Female
Data on the daily consumption of all stages of Tetranvchus 
spp. by Tvphlodromus fallacis adult females are shown in Table X.
The predaceous mites employed in these studies were selected 
at random from stock cultures, and no records were kept on their 
individual oviposition performance. It was learned in a later study 
that daily oviposition rate had a direct bearing on the number of 
prey eaten daily. No observation was recorded during this study 
unless there was a living predator in the culture at the end of the 
24-hour observation period.
More care had to be exercised in handling tetranychid larvae 
than in handling any other stage of the prey species. Their small 
size and fragile condition made it necessary to exercise great care 
when handling them in order to avoid injury. Careful examination 
of a culture was necessary to determine the number eaten each day. 
Whether a larva had been eaten, or whether it had died as a result 
of rough handling was normally easy to determine with the aid of a 
binocular microscope. The larvae consumed as prey had a dried-up 
and flattened appearance, but those dead of being mis-handled were 
not shrunken after the 24-hour observation period.
Cultures in which the predator had become entangled in the 
tanglefoot barrier shortly after being placed in the culture served 
as indicators of how efficiently the prey had been handled. Except 
for those larvae that had wandered into the tanglefoot barrier, 
survival was excellent if no predator was present.
Table X. Daily consumption of various stages of Tetranychus yusti and
T. desertorum by Typhlodromus fallacis adult females held at 80°F.
under continuous light, Baton Rouge, Louisiana, 1964.
Number Number Prey Daily Consumption
Prey Stage Observations Offered Daily Average Maximum Minimum
Egg 70 25 14.1 - 5.6 25 1
Larva 70 30 14.7 - 7.1 30 1
Protonymph 70 25 16.0 - 4.8 25 4
Deutonymph 70 15 6.8 - 2.9 13 1




I considered the tetranychid protonymph to be the favorite 
prey stage of the adult female typhlodromids. The number of 
protonymphs eaten daily was only slightly higher than the number of 
larvae, but the size of the protonymph is approximately twice that 
of the larva.
The tetranychid deutonymph is comparable in size to the adult 
female T. fallacis, but the adult female predator destroyed an 
average of 6.8 deutonymphs per day.
Newly-emerged adult female tetranychid mites are as large as, 
or slightly larger than the predator, but observations on the 
performance of 70 predators revealed that an average of 4.8 adult 
female prey was consumed daily. Figures 3 and 4 show T. fallacis 
adult females attacking T. vusti adults. Figures 5 and 6 show 
appearance of T. vusti females after attack by the predators. It 
is my opinion that the adult tetranychid mite was the least favorable 
prey stage of the predator. Many observations on cultures containing 
all stages of the prey indicated that the immature stages were 
preferred to the adult stage, and that the adults were utilized 
most extensively only when the immature stages were in short supply.
Ballard (1954) determined the number of adult male Tetranvchus 
bimaculatus that were eaten by the various stages of T. fallacis.
His studies were made in modified Huffaker cells, and he used the
male tetranychids for prey in his studies for the reason that the
males fed very little on the bean leaves. I purposely omitted a
study on the number of tetranychid males eaten, because of the fact
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Figure 3. Tvphlodromus fallacis (Gar.) adult females feeding on
a newly-emerged Tetranvchus vusti McGregor adult female. 
(Note color and size of newly-emerged T. vusti in 
contrast to adult female below.)
Figure 4. Newly-emerged Tvphlodromus fallacis (Gar.) adult 
female feeding on Tetranvchus vusti McGregor 
adult female.
Figure 5. Tvphlodromus fallacis (Gar.) and Tetranvchus vusti 
McGregor. Left - live gravid T. vusti females; 
right - prey approximately 4 hours after attack by 
predator.
Figure 6 . Two adult females, egg, and larva of Tvphlodromus fallacis 
(Gar.) and adult female Tetranvchus vusti (McGregor 
which has been fed upon by the predators.
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that the males contributed very little to economic damage. Ballard 
(1953) used males of T. bimaculatus because they fed very little on 
the bean leaves. His data showed that mated female T. fallacis 
consumed approximately the same number of tetranychid males per day 
as my data showed for tetranychid deutonymphs.
Although it was not discussed as such, Herbert (1956) inferred 
that adults of Tvphlodromus tiliae readily ate 40 eggs of Tetranvchus 
bimaculatus per day.
Adult Male
Adult males of Tvphlodromus fallacis were poor predators 
compared to adult females, but they did contribute to the destruction 
of phytophagous species. The adult male had a predaceous performance 
of about the same efficiency as the typhlodromid larva, and with both 
stages the preferred prey stage was the larva. Data on the daily 
consumption of tetranychid mites by male typhlodromids are presented 
in Table XI.
Males of T. fallacis seemed to require food less often than 
any other stage of this species. Minimum daily consumption records 
revealed that in performance tests against all stages of the prey 
the tetranychid egg was the only stage in which the minimum daily 
consumption was not zero. Many males were observed to go 2 days 
without feeding.
The adult male's size is comparable to that of the tetranychid 
protonymph. On the basis of size, it was to be expected that the 
males would not be effective predators of adult female tetranychids.
Table XI. Daily consumption of various stages of Tetranychus yusti and T.
desertorum by Typhlodromus fallacis adult males held at 80 F.
under continuous light, Baton Rouge, Louisiana, 1964.
Number Number Prey Daily Consumpt ion
Prey Stage Observations Offered Daily Average Maximum Minimum
Egg 70 15 2.8 - 1.4 7 1
Larva 70 25 4.7 t 2.7 12 0
Protonymph 70 15 3.2 t 1.8 7 0
Deutonymph 70 10 1.3 - 1.1 6 0
Adult female 70 8 0.4 - 0.5 2 0
U iOD
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The tetranychid female will oviposit without having been 
mated, the eggs producing only males. The typhlodromid female 
does not oviposit without mating. Thus, regardless of the fact 
that the predaceous male is a poor predator, his presence is necessary 
each generation for the perpetuation of the species.
Ballard (1954) reported that the typhlodromid males consumed 
an average of 2.7 Tetranvchus bimaculatus males per day. This 
report by Ballard showed that the predator's performance against 
phytophagous males was comparable to its performance against 
tetranychid protonymphs.
Deutonvmph
The tetranychid protonymph was the preferred prey stage of 
Tvphlodromus fallacis deutonymphs. Data on performance of the 
deutonymphs against all stages of the prey species are presented in 
Table XII.
The phytophageous deutonymphs were too large for effective 
utilization by the deutonymph predators, as they were approximately 
twice the size of the predaceous mites.
The adult female tetranychid mite was twice the size of the 
typhlodromid deutonymph, however, each deutonymph ate nearly 1 adult 
female per day. Figure 7 shows comparable sizes of T. fallacis 
deutonymphs with the adults of T. fallacis and T. vusti.
In many instances, the T. fallacis deutonymphs underwent 
ecdysis during the 24-hour observation period, and thus their 
record as predators of the various stages of tetranychid mites is
Table XII. Daily consumption of various stages of Tetranychus yusti and
T. desertorum by Typhlodromus fallacis deutonymphs held at 80°F.
under continuous light, Baton Rouge, Louisiana, 1964.
Number Number Prey Daily consumption
Prey Stage Observations Offered Daily Average______ Maximum Minimum
Egg 70 25 3.9 - 1.6 8 1
Larva 70 25 4.9 - 2.0 9 0
Protonymph 70 10 6.7 - 3.1 15 1
Deutonymph 70 10 2.0 - 1.2 4 0
Adult female 70 10 1.0 - 0.9 4 0
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Figure 7. Eggs, adult female, and deutonymph female 
of Tvphlodromus fallacis (Gar.) and adult 
female of Tetranvchus vusti McGregor.
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not an entirely accurate one. In addition, there was an inactive 
period of about 2 hours preceding their final moult. No doubt the 
great histological changes which the deutonymphs undergo during this 
period of development has a marked influence on their effectiveness 
as predators.
Protonvmph
As seen in Table XIIX the typhlodromid protonymph was as 
effective a predator as the deutonymph. Again the tetranychid
protonymph was the favorite prey stage. The typhlodromid protonymphs
averaged as high a daily consumption of this stage as did the 
deutonymphs.
In a majority of the cases, 24 hours after the protonymph 
was placed in the culture, it had undergone ecdysis to the deutonymphal 
stage. Thus, for most of the observations, the number of prey 
consumed should be attributed partly to the deutonymph. But, credit 
for the majority of the daily consumption rightly belonged to the 
protonymph, since the early deutonymph was rather inactive for 
about 2 hours after its emergence. Figures 6 and 7 show T. fallacis 
protonymphs feeding upon T. vusti eggs and adult females respectively.
Larva
Doubt has been expressed by various authors as to whether 
Tvphlodromus fallacis feeds during the larval stadium. Chant (1959) 
reported that Tvphlodromus findlandicus larvae are unique among 
phytoseiids in that they are predaceous. And, Putman (1962)
Table XIII. Daily consumption of various stages of Tetranvchus vusti 
and T_. desert or um by Typhlodromus fallacls protonymphs 
held at 80°F. under continuous light, Baton Rouge, 
Louisiana, 1964.
No. Prey
Number Offered  Dally Consumption
Prey Stage Observations Daily_______ Average Maximum Minimum
Egg 70 25 3.2 ± 1.3 7 1
Larva 70 25 5.9 ± 2.3 13 2
Protonymph 70 15 6.7 ± 2.7 13 1
Deutonymph 70 10 2.1 ± 1.1 5 0
Adult female 70 10 0.4 ± 0.5 2 0
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reported that larvae of Typhlodromus caudjglans do not feed.
Ballard (1953, 1954) reported that he never saw larvae of T. fallacis 
feed, but believed that they did feed occasionally.
Observations made during this study showed that the larvae 
of T. fallacis fed on all stages of Tetranvchus spp. employed in 
this study. These data are presented in Table XIV.
Observations on many stock cultures in which all prey had 
been consumed prior to the hatching of all typhlodromid eggs revealed 
that it was not necessary that a larva feed, for many of those larvae 
without a food supply did survive to become protonymphs. Continued 
observations on the cultures held without food showed that those 
protonymphs emerging from larvae that had not fed were in a weakened 
condition, and died unless they fed within a few hours.
In addition to the circumstantial evidence that larval feeding 
occurred by the counting of prey eggs offered for consumption, it 
was possible, by observing the guts of larval mites, to state that 
eggs had been consumed. The eggs of Tetranvchus desertorum are red 
and this color could be observed in the guts of all stages of the 
predator shortly after they had fed on the eggs. Figures 8 and 9 
illustrate the color differential observable in the guts of T. fallacis 
protonymphs feeding on differently colored prey.
Tetranychid larvae were the favorite prey stage for the larval 
typhlodromids, and nearly 5 larvae were consumed by each predator 
larva each day.
As with the other immature stages of the predator, there was a 
slight overlap of predator stages within the 24-hour observation period.
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Table XIV. Daily consumption of various stages of Tetranvchus vusti 
and T. desertorum by Typhlodromus fallacis larvae held 
at 80°F. under continuous light, Baton Rouge, Louisiana, 
1964.
No. Prey
Number Offered  Daily Consumption
Prey Stage Observations Daily_______ Average Maximum Minimum
Egg 70 10 2.5 * 1.6 7 0
Larva 70 10 5.0 ± 2.0 9 0
Protonymph 70 10 2.8 * 1.7 8 0
Deutonymph 70 8 1.9 ± 0.7 4 0




Figure 8. Tvphlodromus fallacis (Gar.) protonymph feeding 
on Tetranvchus vusti McGregor egg.
Figure 9. Tvphlodromus fallacis (Gar.) protonymph feeding on
Tetranvchus vusti McGregor gravid female. (Note color 
of predator feeding on spider mite in contrast to color 
when feeding on egg above).
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No observation was recorded for this stage's predaceous 
capability unless the individual was alive at the termination of the 
observation period.
The Effect of Temperature on Predation
Adult Female vs. Eggs
Tvphlodromus fallacis adult females selected at random from 
stock cultures and offered only tetranychid eggs as prey demonstrated 
a difference in their predatory capability when held under different 
temperatures. These data are presented in Table XV.
In general, as the temperature was increased, the predatory 
capability of the predaceous mites was increased. Statistical 
analysis revealed a highly significant difference in daily consumption 
of eggs between predators held at 70 and at 80°F. However, there 
was no significant difference in consumption of eggs between mites 
held at 80 and 90°F.
Two studies were conducted on adult females held at 80°F. In 
the study involving 180 individuals, oviposition records were kept 
as well as predation records. Results from the study involving 180 
individuals with an average daily consumption of 10.6 eggs indicated 
that this figure was probably more representative of the true 
predaceous capability of adult females than the average of 14.1 eggs 
per day obtained in the other study. The former group contained a 
more heterogeneous group of individuals more representative of a 
natural population, and in addition, was a larger sample.
Table XV. The effect of temperature on the predatory capacity of various stages of Typhlodromus
fallacis against selected stages of Tetranychus yusti and T. desertorum held under











70 Adult female Egg 70 25 6.3 | 3.3 13 1
80 Adult female Egg 70 25 14.1 ± 5.6 25 1
80 Adult female Egg 180 25 10.6 |  6.2 25 0
90 Adult female Egg 70 25 10.7 - 6.4 25 1
70 Larva Larva 70 15 1 3.7 J 2.9 12 0
80 Larva Larva 70 10 5.0 t 2.0 9 0
90 Larva Larva 70 15 6.6 - 2.6 13 1
70 Protonymph Egg 70 25 2.4 t i.o 5 0
80 Protonymph Egg 70 25 3.2 ± 1.3 7 1
90 Protonymph Egg 70 25 6.2 - 2.1 10 2
70 Deutonymph Deutonymph 70 10 1.8 \ 0.7 5 1
80 Deutonymph Deutonymph 70 10 2.0 | 1.2 4 0




Data on consumption of tetranychid larvae by typhlodromid 
larvae at 70, 80, and 90°F. are presented in Table XV. As with 
the adult female, prey consumption increased with each 10-degree 
rise in temperature. There was a highly significant difference in 
the predatory capability of the larvae at the various temperatures.
An average of 6.6 phytophagous larvae was consumed by the 
predaceous larvae held at a constant temperature of 90°F. One 
must consider, however, that 517= of the typhlodromid larvae held 
at 90°F. became protonymphs prior to the termination of the 24-hour 
observation period. The exact percentage of predation attributable 
to the protonymphs could not be accurately calculated. About 337, 
of the larvae became protonymphs prior to the end of the observation 
period in the study conducted at 80°F., and less than 57<> of the 
larvae in the 70°F. study became protonymphs during the observation 
period.
In general, those individuals which had become protonymphs 
during the 24-hour observation period consumed more phytophagous 
larvae than those which were still larvae at the time of the observa­
tion.
Protonvmph vs Eggs
As seen in Table XV, T. fallacis protonymphs ate more tetranychid 
eggs when held at 90°F. than when held at either 70 or 80°F. There 
was highly significant difference in daily consumption of eggs 
between protonymphs held at 90°F. and protonymphs held at 70°F. and
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between protonymphs held at 80 and 90°F. The difference in daily 
consumption of eggs by protonymphs held at 70 and 80°F. was significant.
Sixteen per cent of the protonymphs held at 70°F. underwent 
ecdysis, while 36% of those held at 80°F. and 49% of those held at 90°F. 
became deutonymphs during the observation period.
Deutonymph v s . Deutonvmphs
Deutonymphs of Tvphlodromus fallacis held at 70°F. were as 
effective against tetranychid deutonymphs as were the predator 
deutonymphs held at 80°F. The respective daily consumptions of
1.8 and 2.0 was not significantly different. However, deutonymphs 
held at 90°F, had a highly significant increase in daily consumption 
over those held at the lower temperatures.
The fact that several individuals became adults during the 
24-hour observation period was considered insignificant in this study, 
as all were in the virgin state, and other studies indicated that 
non-ovipositing adult females were not significantly more effective 
as predators than were the deutonymphs.
The data on typhlodromid deutonymph consumption of tetranychid 
deutonymphs at 70, 80, and 90°F, are presented in Table XV.
The Effect of Photoperiod on Predation
Data presented in Table XVI reveal that when photoperiods 
were varied, a difference could be observed in the predaceous efficiency 
of Tvphlodromus fallacis adult females.
Randomly selected adult females held at 80°F. and subjected 
to a 10-hour photoperiod were more efficient predators than individuals
Table XVI The effect of photoperiod on predation of Tetranvchus vusti and
T. desertorum eggs by Tvphlodromus fallacis adult females, 24-hour
observation periods, Baton Rouge, Louisiana, 1964.
Photoperiod Temperature Number Number Eeas Eaten Daily
in Hours °F . Observations Averajje Maximum Minimum
24 80 180 10.6 +  6.2 22 0
14 80 100 7.7 - 4.4 17 1
10 80 105 12.8 - 4.8 22 1
0 80 100 8.5 ± 4.1 17 0
24 70 70 6.3 * 3.3 13 1
0 70 70 4.9 ± 2.9 11 0
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held at any other temperature and photoperiod combination studied.
Their efficiency was significantly better than for individuals 
held at 80 F. with photoperiods of 24, 14, and 0 hours respectively.
The least efficient predators at 80°F. were those individuals 
held at a 14-hour photoperiod. This phenomenon was unexpected, 
but analysis of the data revealed that the group of mites held at 
this photoperiod contained more individuals with a lower rate of 
oviposition than the group under study at the 10-hour photoperiod.
Data showing the relationship between oviposition rate and predatory 
efficiency are discussed under the next section of this dissertation.
Predatory efficiency and oviposition rate of mites held at 
70°F. with photoperiods of 24 and 0 hours did not differ statistically.
The Relationship of Predation to Oviposition Rate
There was a positive correlation between oviposition rate and 
predation as seen graphically in Figure 10. Table XVII presents 
data on average daily consumption of tetranychid eggs by Tvphlodromus 
fallacis females with oviposition rates varying from 0 to 5 eggs per 
day.
These data showed that although variations in temperature and 
photoperiod had an effect on the number of eggs consumed daily, in 
nearly every instance, those mites with higher daily predation rates 
produced more eggs than predators with lower predation rates. The 
only exception experienced was at 80°F. with a photoperiod of 0 hours. 
At this combination, those mites with a daily oviposition rate of 2 
eggs consumed fewer eggs than those mites with a daily oviposition 
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Figure 10. Correlation of oviposition rate with predation rate 
of Tvphlodromus fallacis (Gar.) on Tetranvchus vusti 
McGregor and T. desertorum Banks eggs, Baton Rouge, 
Louisiana, 1964.
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Table XVII. The relationship of oviposition rate of Tvphlodromus 
fallacis to predation of Tetranvchus vusti. and 
T_. desertoruw eggs, Baton Rouge, Louisiana, 1964.
Temper­










Daily Egg Consumption 
Average Maximum Minimum
80 24 0 60 3.1 10 0
80 24 1 15 10.0 17 4
80 24 2 13 12.7 16 9
80 24 3 59 14.1 25 9
80 24 4 27 17.6 22 11
80 24 5 6 18.5 20 16
80 14 0 26 2.9 8 1
80 14 1 22 4.8 9 3
80 14 2 23 9.3 13 5
80 14 3 18 11.9 17 8
80 14 4 11 13.6 17 10
80 10 0 4 2.8 5 1
80 10 1 15 7.6 16 4
80 10 2 22 11.1 15 5
80 10 3 36 13.7 20 10
80 10 4 16 18.1 22 13
80 10 5 7 19.4 21 17
80 0 0 17 2.4 8 0
80 0 1 15 7.9 16 2
80 0 2 32 7.1 14 4
80 0 3 29 11.1 18 5
80 0 4 7 12.9 16 8
70 24 0 27 2.9 5 1
70 24 1 12 7.8 13 6
70 24 2 27 8.3 13 4
70 24 3 4 10.2 13 8
70 0 0 20 1.9 5 0
70 0 1 14 4.9 8 1
70 0 2 34 6.5 11 1
70 0 3 2 8.5 9 8
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Highly significant differences were found at each photopeiiod 
and temperature combination between those mites with a daily ovi­
position rate of 0 and 1 egg with the exception of a 14-hour 
photoperiod at 80°F. At this latter combination, there was a 
highly significant difference between the oviposition rates of 0 
and 2 eggs.
The number of mites at 80°F. which deposited 5 eggs, and the 
number of mites at 70°F, ovipositing 3 eggs per day was a very small 
percentage of the total number of mites observed. Individuals with 
the highest oviposition rate did, however, consume more tetranychid 
eggs than those individuals with the next highest oviposition rate.
Laboratory Studies on the Efficiency of Tyghlodromua fallacis^ as a 
Predator of Tetranvchus vusti
Results of laboratory studies on biological control of 
Tetranvchus vusti by Tvphlodromus fallacis are shown in Table XVIII.
Gravid females of both species were employed in the study, and 
since the phytophagous species was allowed to feed and oviposit for 
3 days before predators were added to the cultures, it can be readily 
seen that the predators were placed at an initial disadvantage much 
greater than the 5:1 ratio shown in the table.
Under the conditions of the experiment, the tetranychid mites 
had an oviposition rate of approximately 8 eggs per individual per 
day. However, no tetranychid eggs had hatched at the time the 
typhlodromid females were added to the cultures.
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Table XVIII. Control of tetranychid mite cultures by Typhlodromus
fallacis in the laboratory at 80°F. under continuous
light, Baton Rouge, Louisiana, 1964.
Replicate
Number












1 25 3 5 10.6
2 25 3 5 9.2
3 25 3 5 9.6
4 25 3 5 7.8
5 25 3 5 8.0
6 25 3 5 8.6
7 25 3 5 8.2
8 25 3 5 8.2
9 25 3 5 9.2
10 25 3 5 10.6
11 25 3 5 12 .2
12 25 3 5 9.8
13 25 3 5 12.0
14 25 3 5 13.3 *
15 25 3 5 12.3 **
Total 75 Average 9.8
1 25 5 5 7.6
2 25 5 5 7.8
3 25 5 5 8.2
4 25 5 5 6.4
5 25 5 5 7.8
6 25 5 5 6.2
7 25 5 5 7.2
8 25 5 5 7.2
9 25 5 5 6.8
10 25 5 5 8.4
11 25 5 5 9.6
12 25 5 5 7.8
13 25 5 5 10.6
14 25 5 5 10.0
15 25 5 5 9.6
Total 75 Average 8.1
* On 2 cultures the predators failed to obtain control before the food value 
of the leaf was destroyed.
**0n 1 culture the predators failed to obtain control before the food value 
of the leaf was destroyed.
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On the fourth day after predators were added, a difference 
was readily observable between "treated" and "untreated" cultures. 
Likewise, there was a noticeable difference between cultures con­
taining 3 and 5 predators. The bean leaves which contained no 
predators were very nearly useless as food for the phytophagous 
mites on the 10th day of infestation. Leaves initially containing 
3 predators had little food value for the tetranychid mites after 
about the 12th day, but those leaves initially infested with 5 
predators were usually in fair condition at the time. The difference 
between the time of control in 3- and r-mite cultures was significant.
The factor of reduced typhlodromid egg hatchability, as 
discussed earlier, was plainly evident in replicates 14 and 15 in 
both 3- and 5-predator mite cultures. In replicates 14 and 15 of 
the 3-mite cultures, control was never obtained in 3 cultures. An 
additional 2 days above the average was required for complete control 
in replicates 14 and 15 of the 5-mite cultures.
Greenhouse Studies on the Efficiency of Ty^hlodromus. fallaci^ for 
Control of Tetranychus urticae
Sweet potato
Pre-treatment infestation counts of the spider mite,
Tetranvchus urticae revealed a tremendous population of this species, 
and no mites of the predator species. Pre- and post-treatment data
are presented in Table XIX.
Progress of the predator infestation was quite slow, in initial 
stages as only a limited supply was available from the cultures maintained
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Table XIX. Tvphlodromus fallacis:Tetranvchus urticae 
ratio on greenhouse sweet potatoes,










2/l/64a 0.0 100.00 4
4/7/64 18.7 2.30 20
4/13/64 13.7 0.05 20
4/19/64 6.9 0.00 20
4/21/64 5.9 0.00 20
4/24/64 2.4 0.00 20
4/27/64 1.3 0.05 20
5/1/64 0.9 0.00 20
5/6/64 0.8 0.00 20
5/11/64 1.7 0.00 20
5/18/64 0.2 0.00 20
5/25/64 0.2 0.00 20
6/1/64 0.1 0.00 20
aPre-treatment count.
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in the laboratory. During the time of the greenhouse study, no effort 
was made to culture large quantities of the predaceous species for 
purposes of infesting the greenhouse.
Initial populations of T. fallacis were quite small in 
proportion to the large numbers of the phytophagous species present.
The abundance of prey offered an opportunity for an "explosion" of 
the predators. This explosion of the predators became evident 
2 months after they were first released. At that time there was a 
9:1 ratio favoring the predator, and it was evident that the prey 
species was well underway toward complete control. Two weeks later, 
inspection of 20 sweet potato leaves did not reveal a spider mite.
An inspection of 180 leaves during the remaining 9 surveys of the 
study revealed only 1 spider mite.
Honeydew resulting from an infestation of aphids that occurred 
about the time that the spider mites were eliminated may have enabled 
the predators to subsist in small numbers for a period of time longer
than laboratory studies had shown they would.
Laboratory studies showed that the maximum time that T, fallacis 
could endure starvation was 12 days. However, surveys revealed that
a few predators still existed in the greenhouse 36 days after no
spider mites could be found. No predator mites were ever seen 
feeding on an aphid, but their honeydew offered the most likely 
explanation of the continued survival of the predators after their 
preferred prey had disappeared. Huffaker and Kennett (1953) observed 
that Tvphlodromus reticulatus and T. occidentalis fed on honeydew,
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sugar solutions, egg yolk, and other liquid foods, but they were 
unable to rear them in the absence of tarsonemid prey.
Table XX shows the average high and low temperatures of the 
greenhouse and the extremes of temperature which were measured 
during the time of the study. It is worthy of note that the 
average monthly highs and lows were well above and below those 
found to be most favorable for biological control in my laboratory 
studies.
Cotton
Pre-treatment and post-treatment counts of Tvphlodromus fallacis 
and Tetranvchus urticae are presented in Table XXI.
Initial attempts to establish the predaceous species on spider 
mite-infested cotton failed. This failure was attributed to the 
presence of insecticide residues on the cotton leaves. A heavy 
application of the insecticide, Bidrin, had been made approximately
2 weeks earlier. The insecticide had reduced the population of 
spider mites, but a small population still existed on the cotton 
leaves.
Dead predators were observable on the cotton leaves within
3 days of their initial introduction, and inspection revealed that 
death was still occurring 3 weeks after the insecticide application.
Spider mite-infested terminal growth on the plants offered 
a location for a second attempt of establishing the predators.
About 4 weeks after the insecticide application mature cultures of
Table XX. Greenhouse temperatures recorded during the time of the
control study of Tetranvchus urticae by Tvphlodromus fallacis.
Baton Rouge, Louisiana, 1964.
Month
Dailv Maximum Dailv Minimum
Averaae HlRhest Lowest AveraRe HiRhest Lowest
February 96.8 111 84 71.1 82 58
March 98.0 121 79 71.7 75 64
April 97.8 110 82 71.1 76 60
May 101.3 112 80 73.4 88 64
oo
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Table XXI, Tvphlodromus fallacis:Tetranvchus urticae 











3/13/64a 0.0 25.0 4
5/1/64 16.4 39.4 10
5/6/64 11.5 8.3 15
5/11/64 10.5 11.0 20
5/18/64 2.7 0.6 20
5/27/64 4.0 0.4 20
6/1/64 1.1 0.5 20
aPre-treatment count.
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T . fallacis were brought from the laboratory and placed on this new 
foliage, and their establishment was successful.
The first post-treatment survey, made about 45 days after the 
second infestation attempt, showed a ratio of 2:1 in favor of the 
phytophagous species, but 5 days later, the ratio was about 1:1.
The predator prey ratio increased in favor of the predators until 
the study was ended.
Either insecticide residues or high temperatures in the green­
house continued to cause some mortality of the predators until the 
study was terminated. Considerable numbers of dead predators were 
observable clinging to the underside of cotton leaves about 2.5 
months after the insecticide treatment.
Klostermeyer (1959), Ristich (1956), and MacPhee and Sanford 
(1956) reported high mortality in Tvphlodromus spp. from treatments 
of organic phosphate insecticides. And, in my opinion, the 
continued death of the predaceous mites on the cotton was due to 
the insecticide treatment. A similar phenomenon was not observed 
on sweet potato leaves in the adjacent greenhouse. Both greenhouses 
were subjected to the same temperatures, but the sweet potatoes had 
not received an insecticide treatment.
SUMMARY
Tvphlodromus fallacis (Garman) was found to be an effective 
predator of Tetranvchus vusti McGregor and T. desertorum Banks 
in laboratory studies, and to effectively control T. urticae Koch 
in the greenhouse.
The life cycle of T. fallacis was found to vary from about 
7.3 days at 70°F. to 3.2 days at 90°F. with additional time for 
preoviposition requiring 52.5 and 18 hours at 70 and 90°F. 
respectively.
A sex ratio of 2 females to 1 male was found in laboratory 
cultures. This ratio proved adequate for fertilization of all 
females. Egg hatchability of 897<> was observed at the beginning 
of the studies, but reduced hatchability was experienced after the 
mites had been in culture for 1 year. Multiple mating occurred in 
T. fallacis.
Phytophagous behavior was not observed in T. fallacis when 
held on bean leaves with no other source of food, and the mites 
starved. Most individuals starved on the 5th or 6th day without 
food and exhibited no cannibalistic behavior on either adult females 
or eggs of their own species.
Temperature had a direct effect on the longevity of adult 
females. Mites held at 70°F. lived approximately 4 times as long
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as those held at 90°F. The average longevity of adult females 
held at 70°F. was 61.5 days, while females held at 80°F. lived
40.8 days, and individuals held at 90°F. lived an average of only 
13.5 days.
As temperature was increased from 70 to 90°F., oviposition 
duration was decreased with each 10-degree rise. Daily oviposition 
rate, on the other hand, was higher for mites held at 80° than at 
70°F., but no difference was observed in oviposition rates of mites 
held at 80 and 90°F.
T. fallacis females held at 80°F. with a 10-hour photoperiod 
had a significantly higher oviposition rate than those mites held 
at 80° with photoperiods of 24, 14, and 0 hours.
No difference was found in the number of eggs oviposited by 
females mated upon emergence or mated 1 week after emergence.
Un-mated females did not oviposit.
T̂ . fallacis adult females were found to be the most effective 
predator stage of the species. The tetranychid protonymph was the 
favorite prey stage of the predaceous females. An average of 16 
protonymphs was consumed daily by each female. The adult females 
were the only stage able to effectively utilize adult female 
tetranychid mites as prey. The tetranychid females were too large 
for other stages of the predator. Protonymphs of T. fallacis were 
as effective as predators as were the deutonymphs. The typhlodromid 
larvae were predaceous on all stages of the prey species and utilized 
an average of 5 larvae daily as food.
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Temperature affected predation. In general, as temperature 
increased from 70 to 90°F., the predatory capacity of all stages 
of T. fallacis w as increased. There was a significant difference 
in the amount of predation of all stages of the predator when held 
at 70° or 90°F.
X* fallacis adult females held at 80°F. and subjected to a 
10-hour photoperiod were more efficient predators than females held 
at 80°F. with photoperiods of 24, 14, or 0 hours.
Oviposition rate was positively correlated with predation. 
There were significant differences in the predation of females with 
daily oviposition rates of 0 and oviposition rates of 1 or more in 
studies conducted at 80°F. with photoperiods of 24, 14, 10, and 0 
hours, and at 70°F. with photoperiods of 24 and 0 hours. With 
one exception, mites at each temperature and photoperiod combination 
with high rates of oviposition were better predators than mites with 
lower rates of oviposition.
In laboratory studies, T. fallacis was able to effect control 
of cultures of Tetranvchus vusti. A significant difference was 
observed between the time required for control in cultures begun 
with 3 predators and cultures begun with 5 predators.
Greenhouse studies revealed that T. fallacis could effectively 
control large populations of Tetranvchus urticae on sweet potatoes. 
In approximately 2% months, the predators reduced the phytophagous 
species from an initial population of about 100 per leaf to 0. A 
few predators were found on the leaves 1^ months after no prey could 
be found.
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An attempt to establish T. fallacis on greenhouse-grown cotton 
plants which had received an application of the insecticide, Bidrin, 
met with initial failure. Successful establishment of the predators 
was accomplished about 1 month after the insecticide treatment, and 
the predators reduced populations to well-below economic levels in 
about 2% months, even though some predators were still being killed 
by the insecticide residue.
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